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Objective: Cognitive models suggest that
biased processing of emotional informa-
tion may play a role in the genesis and
maintenance of psychotic symptoms. The
role of dopamine and dopamine antago-
nists in the processing of such informa-
tion remains unclear. The authors investi-
gated the effect of a dopamine antagonist
on perception of, and memory for, emo-
tional information in healthy volunteers.

Method: Thirty-three healthy male vol-
unteers were randomly assigned to a sin-
gle-blind intervention of either a single
dose of the dopamine D,/D3 antagonist
amisulpride or placebo. An attentional
blink task and an emotional memory task
were then administered to assess the af-
fective modulation of attention and
memory, respectively.

Results: A significant interaction was ob-
served between stimulus valence and
drug on recognition memory accuracy;
further contrasts revealed enhanced
memory for aversive-arousing compared
with neutral stimuli in the placebo but
not the amisulpride group. No effect of
amisulpride was observed on the percep-
tion of emotional stimuli.

Conclusions: Amisulpride abolished the
enhanced memory for emotionally arous-
ing stimuli seen in the placebo group but
had no effect on the perception of such
stimuli. These results suggests that
dopamine plays a significant role in bias-
ing memory toward emotionally salient
information and that dopamine antago-
nists may act by attenuating this bias.

(Am J Psychiatry 2007; 164:1603-1609)

Dopamine antagonists have been used for over half a
century to treat the symptoms of psychosis. Yet we have
only a limited understanding of how dopamine dysregula-
tion gives rise to symptoms of psychosis or how dopamine
antagonist medications exert their antipsychotic thera-
peutic effects at a cognitive level (1). Both cognitive and bi-
ological approaches have been used to explain the origins
of symptoms in psychosis, and these approaches have only
recently begun to converge. For example, Kapur (2) pro-
posed a theory of motivational salience to explain how
dopamine dysregulation may give rise to cognitive changes
that ultimately lead to symptoms such as delusions and
hallucinations. This model has not been empirically vali-
dated, however. Greater insight into the role of dopamine
in human cognitive processes, particularly emotional pro-
cessing, may facilitate the integration of biological and
psychological approaches to understanding psychosis and
contribute to novel therapeutic possibilities.

Dopamine is an important modulator of emotional
learning and memory in experimental animals, mediated
via the amygdala (3, 4). However, the role of dopamine in
emotional memory in human beings has not yet been ad-
equately explored. Recent evidence highlighting the abil-
ity of dopamine to modulate the amygdala response in
humans suggests that there may be a similar role for
dopamine in human emotional memory (5, 6). Addition-

ally, Mehta et al. (7) demonstrated a tendency for the D;
receptor antagonist sulpiride to impair emotional mem-
ory in healthy volunteers, although this result did not
reach statistical significance, possibly because of a small
sample size.

Dopamine is also thought to play a specific role in draw-
ing attention to emotionally significant or salient events
(8). Such stimuli evoke responses in mesolimbic dopa-
minergic neurons in experimental animals (9, 10), but
again, there has been limited investigation in human sub-
jects. Although Franken et al. (11) demonstrated that halo-
peridol reduced attentional bias to drug-related cues
compared with neutral cues in an emotional Stroop task in
heroin-dependent patients, these findings cannot neces-
sarily be extrapolated to attentional processing of emo-
tionally salient information in healthy volunteers.

Our study sought to further examine the role of dopa-
mine in the affective modulation of both attention and
memory. We investigated healthy male volunteers to avoid
confounding by symptoms or gender, and we used a larger
sample than did Mehta et al. (7) for increased statistical
power. We predicted that dopamine blockade would re-
duce both attentional and memory biases for emotional
stimuli. An antipsychotic with a high specificity for
dopamine receptors was used for this purpose to avoid
confounding by other neurotransmitter effects.

This article is the subject of a CME course.

Am | Psychiatry 164:70, October 2007

ajp.psychiatryonline.org 1603



DOPAMINE IN EMOTIONAL PROCESSING

Method

Participants

Healthy male volunteers (N=33) 18-40 years of age (mean=24.2
years, SD=5.4) were recruited through an advertisement and were
paid for their participation. Potential participants were screened
for psychiatric and neurological disorders by means of a checklist
questionnaire. Exclusion criteria were any current or past history
of psychiatric illness, any significant history of substance misuse
(including nicotine), and taking regular medication. Participants
were randomly assigned to receive either drug (N=17) or placebo
(N=16). The study was approved by the Institute of Psychiatry Re-
search Ethics Committee. Participants received a complete de-
scription of the study and provided written informed consent.

Drugs

Dopamine blockade was achieved with 400 mg of amisulpride,
a substituted benzamide neuroleptic. Amisulpride was selected
for this purpose because of its selectivity for D/D3 receptors and
its lack of affinity for nondopaminergic (adrenergic, cholinergic,
serotonergic, and histaminergic) receptors. It is also selective for
limbic regions (12, 13) and has low risk of inducing extrapyrami-
dal side effects (14). A 400 mg dose was chosen because it repre-
sents the lower end of the daily dosage range for achieving
dopamine blockade and reduction of positive symptoms in
schizophrenia (400-1200 mg). It has been suggested that lower
doses (50-300 mg) enhance dopaminergic transmission (12, 15,
16). Additionally, a single 400 mg dose of amisulpride has been
found to have no effect on general psychomotor or cognitive per-
formance in healthy volunteers (17).

Eight 50 mg amisulpride tablets (total, 400 mg) were placed in
opaque colored gelatin capsules. Placebo capsules contained two
100 mg ascorbic acid tablets (total, 200 mg). Both capsules were
prepared by the Maudsley Hospital Pharmacy, London.

Procedure

Participants took part in a between-subjects placebo-con-
trolled study. The study was single-blind; participants were not
informed as to whether they were receiving drug or placebo, but
for safety reasons the administering physician was aware of the
condition to which participants had been assigned. Participants
attended two sessions separated by 1 week. They were instructed
to abstain from beverages containing alcohol or caffeine for the
24 hours prior to the test sessions. Sessions were conducted be-
tween 9 am. and 1 p.m.

On arrival at the laboratory for the first session, participants re-
ceived either amisulpride or placebo. After 1 hour (to allow satis-
factory plasma levels to be reached) a peripheral venous blood
sample was taken for measurement of amisulpride plasma con-
centration. To reduce the likelihood of participants anticipating a
memory test, they were told that the purpose of the study was to
measure their physiological responses to emotional stimuli, and
they were connected to a galvanic skin response device for the
duration of testing. However, skin conductance measures were
not recorded. The National Adult Reading Test was administered
to obtain a measure of IQ. The encoding phase of the emotional
memory task and the attentional blink task (described below)
were then administered. Participants were told that the second
session would be exactly the same as the first but without drug
administration. Memory tests were not mentioned.

The second session took place 1 week later and consisted of the
retrieval phase of the emotional memory task and a debriefing in-
terview to explain the purpose of the study. To assess the effec-
tiveness of blinding, participants were also asked to indicate
whether they believed they had received drug or placebo.
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Cognitive Tasks

Emotional memory task. This task consisted of an encoding
phase in which participants viewed scenes, each with a norma-
tive rating for arousal and valence, and a delayed recognition
memory test in which they viewed all of the previously seen pic-
tures along with an equal number of new pictures (foils). All pic-
tures were derived from the International Affective Picture Sys-
tem stimulus set (18). Previous studies with healthy volunteers
have demonstrated a recognition memory bias for emotionally
arousing compared with neutral pictures (19, 20). Our primary
hypothesis was that this bias would be reduced or abolished by
amisulpride.

During the encoding phase, participants viewed 92 pictures.
Half of the scenes were aversive-arousing (mean valence and
arousal ratings of 2.6 and 6.1, respectively) and half were neutral
(mean valence and arousal ratings of 5.1 and 3.3, respectively).
Stimuli were presented on a laptop computer for 3 seconds with a
4-second interstimulus interval during which a fixation cross was
present on the screen. The order of presentation was randomized
across participants. Participants were asked to judge whether they
felt emotionally aroused (i.e., wide awake or jittery) or unaroused
(i.e., calm or relaxed) by each scene immediately after its presenta-
tion by pressing one of two keys labeled “aroused” and “calm” dur-
ing the interstimulus interval. This was to ensure that participants
attended to the scenes and that our classification of the pictures as
arousing and neutral correlated with that of the participants.

One week after the encoding phase, participants returned to the
laboratory for an unexpected recognition memory test in which
they viewed all of the 92 previously seen pictures and 92 foils. The
foils were selected to match the previously presented scenes in
their content, valence, and arousal characteristics. During the rec-
ognition test, participants were instructed to press marked keys to
indicate whether each picture was “old” (previously seen) or
“new” (foil). After making the old/new judgment, they were asked
to rate the arousal and valence of each picture on a 9-point scale.
The hit rate and false alarm rate were calculated for each partici-
pant. Signal detection theory was used to calculate measures of
recognition memory performance: sensitivity (d’) and response
bias (C) (21). The values for d’ and C were entered as dependent
measures in a repeated-measures analysis of variance (ANOVA)
with valence (aversive or neutral) as the within-subjects factor and
drug (amisulpride or placebo) as the between-subjects factor.

Attentional blink task. This task was based on dual-target
rapid serial visual presentation methodology. Identification of a
first target (T1) in a rapid stream of stimuli leads to transient im-
pairment in identification of a second target (T2)—an effect
known as the attentional blink (22). Studies with healthy volun-
teers indicate that there is a bias toward detection of emotionally
salient T2 targets compared with neutral targets (23-25). Our pri-
mary hypothesis was that this bias would be reduced or abolished
by amisulpride.

The task comprised 168 trials, each consisting of 13 white dis-
tractor words and two green target words (T1 and T2) presented
sequentially in the center of a laptop computer screen (see Figure
1). T1 stimuli were 56 neutral words used by Anderson (24) averag-
ing 4.8 letters in length. T2 stimuli were 56 words derived from the
Affective Norms for English Words (26). Half of the T2 words were
aversive-arousing words (mean valence and arousal ratings of 2.5
and 7.0, respectively) and half were neutral (mean valence and
arousal ratings of 5.1 and 3.5, respectively). Aversive-arousing and
neutral T2 words did not differ significantly in letter length
(mean=5.1 versus 4.8, respectively, p=0.21) or written word fre-
quency (mean=67.1 versus 87.9, respectively, p=0.50) (27) (word
frequency was accessed from the MRC Psycholinguistic Database,
http://www.psy.uwa.edu.au/MRCDataBase/uwa_mrc.htm). Dis-
tractor items were 92 words of longer length (mean number of let-
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FIGURE 1. Schematic Representation of Attentional Blink
Task?
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2 Adapted with permission from Macmillan Publishers Ltd, Nature
Neuroscience (reference 23), copyright 2001.

ters=12.5) to facilitate masking of the targets. Each item was pre-
sented for 100 msec and was immediately followed by the
subsequent item. The lag between the T1 and T2 targets was var-
ied to contain one, three, or five intervening distractors (lag 2, lag
4, or lag 6) with corresponding stimulus onset asynchronies of 200
msec, 400 msec, or 600 msec. Participants were instructed to ig-
nore the words in white (distractors) and identify the two green
words (T1 and T2). They responded by writing down the two target
words in any order immediately after each trial. The critical out-
come measure was the percentage accuracy of T2 report, contin-
gent on the correct identification of T1. This was to ensure that
proper attention had been devoted to T1. An independent-sam-
ples t test was used to compare the percentage accuracy of T1 re-
port between the groups. T2 accuracy was entered as the depen-
dent measure in a repeated-measures ANOVA with valence
(aversive or neutral) and lag (2, 4, and 6) as within-subjects factors
and drug (amisulpride or placebo) as the between-subjects factor.

Results

1Q, Blinding, and Amisulpride Levels

Participants in the amisulpride and placebo groups did
not differ in IQ (mean=116.5, SD=6.3). There was no asso-
ciation between what participants believed they had re-
ceived (drug or placebo) and what they had actually re-
ceived, which suggests that blinding was effective. The
plasma amisulpride concentrations in the drug group
ranged from 30 pg/liter to 1,030 pg/liter (mean=354 pg/li-
ter, SD=261).

Cognitive Tasks

Emotional memory task. Data for one participant had
to be excluded from the analysis because a significant de-
lay in the participant’s response time on a trial during the
recognition phase created an error in the stimulus presen-
tation program. Participants’ emotional classification of
the pictures at encoding was highly correlated with our
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FIGURE 2. Accuracy (d’) of Placebo and Amisulpride Groups
on Emotional Memory Task
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aSignificant difference between test conditions, t=3.54, df=15, p=
0.003.

categorization (%=1,137.5, df=2, p<0.001), and the two
groups did not differ in their classification of the pictures.
The valence and arousal ratings participants made during
the recognition memory phase were highly correlated
with the standardized ratings (r=0.70, p<0.001 and r=0.62,
p<0.001, respectively), and there was no significant differ-
ence between the groups.

Repeated-measures ANOVA revealed a significant va-
lence-by-drug interaction on d’ (F=6.76, df=1, 30, p=
0.014). Contrasts revealed that d” was significantly higher
for aversive pictures than for neutral pictures in the pla-
cebo group (see Figure 2) but not the amisulpride group.

Attentional blink task. The amisulpride group had im-
paired detection of T1 stimuli compared with the placebo
group (86.2% [SD=16.7] versus 94.1% [SD=5.3], respec-
tively), but the difference did not reach statistical signifi-
cance (t=1.187, df=31, p=0.077). Repeated-measures
ANOVA of T2 accuracy revealed significant main effects of
valence (F=6.39, df=1, 31, p=0.017) and lag (F=50.78, df=1.1,
35.0, p<0.001). Mauchly’s test indicated that the assump-
tion of sphericity had been violated for the main effect of
lag (x?=44.4, df=2, p<0.001); therefore, degrees of freedom
were corrected using Greenhouse-Geisser estimates of
sphericity (28). There was a significant lag-by-valence in-
teraction (F=11.31, df=2, 62, p<0.001). There was no signif-
icant main effect of drug or any interactions. Contrasts re-
vealed that T2 detection was significantly higher for
aversive words than neutral words at lag 4 (t=2.81, df=16,
p=0.013) and lag 6 (t=2.23, df=16, p=0.04) in the amisul-
pride group and at lag 4 (t=2.77, df=15, p=0.014) in the pla-
cebo group (Figure 3). There was no difference in detection
of aversive versus neutral words at lag 2 in either group.
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FIGURE 3. Accuracy (Percent Correct) of T2 Detection in Placebo and Amisulpride Groups as a Function of Valence and Lag
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a Significant difference between test conditions (p<0.05).

Discussion

Several studies with human subjects have demon-
strated attentional (23-25, 29) and memory (20, 30-32) bi-
ases for emotionally arousing information. We used a ran-
domized, placebo-controlled experimental design to
investigate the role of dopamine and dopamine antago-
nism in such biases. We found a significant interaction be-
tween stimulus valence and drug on recognition memory
accuracy, with further contrasts revealing enhanced mem-
ory for aversive-arousing compared with neutral pictures
in the placebo but not the amisulpride group. This result
indicates that amisulpride was effective in abolishing the
memory bias for emotionally arousing material. We did
not find any effect of amisulpride on the perception of
emotional stimuli. These results provide preliminary evi-
dence for the hypothesis that dopamine is involved in
modulating human memory for emotional stimuli, but
not the perception of such stimuli.

Amisulpride Modulation of Emotional Memory

Amisulpride may contribute to the attenuation of the
memory bias for emotional stimuli in at least two ways: via
encoding (attention and perception) or postencoding
(consolidation) effects. Given that our results do not sup-
port a role for amisulpride in the affective modulation of
attentional processes, it seems unlikely that its effects on
emotional memory derive from impairment of the selec-
tive encoding of emotional material. The trend toward im-
paired T1 detection suggests that amisulpride may cause
subtle disruption of general selective attentional pro-
cesses, which could contribute to the observed impair-
ment in emotional memory. However, processing of the
arousing properties of stimuli and the associated en-
hancement of memory are preserved even when atten-
tional resources are restricted (33, 34). It therefore seems
more likely that amisulpride’s effects on emotional mem-
ory occur via disruption of consolidation processes. This is
1606
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in keeping with the evidence derived from both animal
and human studies indicating that emotional enhance-
ment of memory arises from amygdala-mediated posten-
coding consolidation effects (35-39). The effect of amisul-
pride cannot be localized to the amygdala in this study.
However, recent evidence of the attenuation of the limbic
response to emotional stimuli after administration of the
D, antagonist sultopride lends support to the notion that
dopamine blockade may attenuate the emotional mem-
ory bias by disrupting amygdala-dependent consolidation
processes (40).

Amisulpride Modulation of Attention to
Emotional Stimuli

In the first study to investigate the role of dopamine in
the affective modulation of attention in human subjects,
Franken et al. (11) reported that an acute dose of the
dopamine antagonist haloperidol produced a reduction in
attentional bias to drug-related cues in an emotional
Stroop task in a group of heroin-dependent patients. Their
finding suggests that dopamine may be involved in direct-
ing attention toward emotionally salient information. The
absence of a drug effect in our study does not support a
role for dopamine in the affective modulation of attention.

There is substantial evidence that both attentional and
memory biases for emotional information are mediated by
the arousal characteristics of stimuli as opposed to valence
per se (20, 24, 25). There is also evidence to suggest that
aversive stimuli are associated with greater arousal proper-
ties than their positive counterparts (41). We therefore
chose to use aversive stimuli in order to maximize these bi-
ases and increase the likelihood of detecting drug effects.
However, while there is clear evidence for a dopaminergic
response to emotional stimuli associated with reward, the
response to nonrewarding stimuli remains controversial
(42). The rewarding nature of the drug-related cues in the
Franken et al. study (11), as opposed to the aversive stimuli
used in our study, could partly explain the different find-
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ings. Greater clarity would be achieved by examining the
effect of dopamine antagonism on attention to both re-
warding and aversive stimuli.

Clinical and Research Implications

A number of studies suggest that psychotic patients
show exaggerated attentional and memory biases for emo-
tionally salient stimuli compared with healthy volunteers
(43, 44). Such biases are thought to play a role in the emer-
gence and maintenance of symptoms such as delusions
(45). Our findings suggest that amisulpride attenuates the
memory bias for emotional stimuli in healthy volunteers.
The therapeutic effect of dopamine antagonists may there-
fore derive in part from their ability to “dampen down”
emotional memory. This potential mechanism of action in
turn implies that other neurotransmitter systems known to
modulate emotional memory, such as the noradrenergic
system (46), may present additional therapeutic targets.

The inability of amisulpride to modulate the attentional
bias toward emotionally salient information in our study
suggests that this aspect of emotional processing may not
be relevant to the mechanism of action of antipsychotic
medication. However, our study was carried out in healthy
volunteers. It may be the case that while dopamine antag-
onists have no effect on the ordinary attentional bias to-
ward emotional stimuli, they can reduce the exaggerated
responses to such stimuli that may occur in pathological
hyperdopaminergic states such as psychosis or drug ad-
diction. Such a view would be in keeping with the findings
of Franken et al. (11) but requires further investigation.

Our findings may also be useful in interpreting studies
of emotional processing in patients receiving antipsy-
chotic medication. Several studies have demonstrated im-
paired emotional processing, along with abnormal neural
responses, in schizophrenia. However, the majority of
these studies have investigated medicated patients (47).
Our study suggests that the potential confounding effect
of antipsychotic medication in studies of emotional pro-
cessing should be taken into account. An understanding
of the potential effects of psychotropic medications on the
cognitive functions to be investigated in clinical groups
would be of significant value in the design and execution
of such studies.

Methodological Considerations

There are a number of limitations to our study. First,
while the impairment of selective attention in the amisul-
pride group is in keeping with central dopaminergic an-
tagonism, we did not directly assess dopamine receptor
occupancy in this study. To the best of our knowledge,
there are no published studies of dopamine receptor oc-
cupancy after a single 400 mg dose of amisulpride in
healthy volunteers. However, a number of studies with
schizophrenia patients treated with amisulpride suggest
that plasma concentrations are highly positively corre-
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lated with D,/D3 receptor occupancy in both striatal and
extrastriatal regions (48, 49). Xiberas et al. (50) found that
relatively low plasma concentrations (28-92 ug/liter) in-
duced marked extrastriatal occupancy, and Bressan et al.
(13) found that a mean plasma concentration of 278 ug/li-
ter was associated with 82% receptor occupancy in the
temporal cortex. These findings were based on steady-
state plasma concentrations after repeated dosing and
therefore cannot be directly extrapolated to our sample.
However, they lend support to the likelihood of effective
dopamine blockade being achieved with the range of
plasma concentrations produced in our sample.

A second limitation is that we manipulated the dopa-
minergic system in only one direction. More conclusive
evidence of dopaminergic involvement in emotional
memory would be obtained by demonstrating its en-
hancement with a dopaminergic agonist.

Finally, given the increasing evidence of gender differ-
ences in emotional processing (51, 52), we chose to use an
all-male sample to avoid confounding by gender or loss of
power associated with a mixed-gender group of the same
size. This limits our appreciation of the extent to which
our results are applicable to women. Larger studies using
mixed-gender groups would clarify this issue.

Conclusions

Our findings in this study provide the first demonstra-
tion of impairment of human emotional enhancement of
memory by an antipsychotic. They suggest that dopamine
very likely plays a significant role in biasing memory to-
ward emotionally salient information and that dopamine
antagonists may act by attenuating this bias. This study
thus contributes to our understanding of the neurobiol-
ogy of human emotional processing and may contribute
to our understanding of the mechanism of action of anti-
psychotic medication. Pharmacological manipulation of
cognitive processes represents a powerful yet underuti-
lized tool for understanding the neurochemical basis of
normal and abnormal cognition as well as drug mecha-
nisms of action.
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